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Introduction
The Western Arctic Herd (WAH), estimated at 490 000 
individuals in 2003 by photocensus (Dau, 2005), is 
the largest caribou (Rangifer tarandus granti) herd in 
the region and is arguably the most important sub-
sistence resource in northwestern Alaska. Approxi-
mately 15 000 animals are harvested annually from 
the herd (Dau, 2003), yielding some 500 000 kg of 
meat (Valkenburg, 1994). There are 40 villages that 
utilize the herd within the WAH’s annual range, 
which covers about a ¼ of Alaska (Fig. 1). The status 
of the herd is not only of great importance to subsis-
tence hunters and rural communities, but to sport 
hunters, recreationists, conservationists, biologists, land 
managers, and reindeer (Rangifer t. tarandus) herders 
as well.
Reindeer herding has occurred on the Seward Pen-
insula since 1891 (Stern et al., 1980; Swanson & Barker, 
1992). The number of reindeer on the Seward Penin-
sula peaked in 1932 at around 127 000 and soon after 
there were signs of serious range deterioration (Stern 
et al., 1980; Swanson & Barker, 1992). The herding 
industry continues on the Seward Peninsula to this 
day. In 1981, permanent range transects were deployed 
in the Buckland Valley (Fig. 2), an area that potentially 
could have had both caribou and reindeer (Adams & 
Connery, 1981). These transects were deployed in an 
effort to monitor the effects of grazing, potentially by 
both caribou and reindeer, on winter range.
Between 1970 and 1976, the WAH experienced a 
dramatic crash in which the population plummeted 
from 242 000 to 75 000 individuals (Dau, 2003). 
From this low point, the herd rebounded quickly, 
growing at a rate of 13% annually until 1990 (Dau, 
2003). The WAH has continued to grow, albeit at a 
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much more measured pace, until 2003 (Dau, 2005). 
As the WAH grew and expanded its range, the free-
ranging reindeer would intermingle and depart their 
range with caribou as they migrated out in the spring, 
crippling the reindeer industry (Bader & Finstad, 
2001). Since the range transects were deployed, only 
caribou have utilized the Buckland Valley, which 
they have done regularly over the years (Davis & 
Valkenburg, 1978; Davis et al., 1982)
As the herd has grown, its winter range has con-
currently expanded into new areas as well (Dau, 
2005). The Buckland River valley, however, continues 
to be within the core winter range of the herd (Dau, 
2003). The large size of the WAH has precipitated 
speculation about possible overgrazing of its range 
and when the inevitable decline of the herd will take 
place. The density (1.35/km2) of caribou on the 
WAH’s range in 2003 is 25% greater than the density 
(1.08/km2) Messier (1988) thought to be excessive for 
the George River Herd in northern Quebec. These 
concerns have been magnified by recent reports of 
winter die-offs that have been linked to poor nutri-
tional condition associated with severe winter weather 
(Dau, 2005) and the rapid decline of the Mulchatna 
Caribou Herd in southwestern Alaska from 1996 to 
2004 (Hinkes et al., 2005; Woolington, 2005). The 
contribution of range conditions to population 
dynamics has frequently been a subject of controversy, 
but actual studies of range conditions are very limited.
Our goals for the range monitoring study were 
3-fold. First, we wanted to periodically assess range 
conditions and utilization. Second, we sought to 
identify changes in winter range over the 3 different 
decades for which we have quantitative range data. 
Finally, we hoped to assess changes in range condition 
in terms of overuse/community type (see van der Wal, 
2006) and determine if these changes may have 
implications for the population status of the WAH.
Material and methods
Study area 
Annually, the WAH ranged over 363 000 km2 of 
northwestern Alaska (63° to 71°N and from 148° to 
166°W; Fig. 1; Davis et al., 1982; Dau, 2003). 
Although individual members of the WAH can be 
found across a broad swath of northwest Alaska, the 
Buckland River valley has been and continues to be 
in the core winter range (Davis & Valkenburg, 1978; 
Dau, 2003). The study area encompassed the entire 
Buckland River drainage, but also extended into sur-
rounding uplands to the north, south, and southeast 
(Selawik Hills, Granite Mountain, and Nulato Hills, 
respectively).
Fig. 1. Range of the Western Arctic Herd, 1981 – 2005, 
northwestern Alaska. Year-round distribution is 
hatched and core winter range is colored dark 
gray. Distribution is based on Alaska Department 
of Fish and Game data.
Fig. 2. Locations of the permanent range transects in the 
Buckland Valley, Seward Peninsula, Alaska. 
Transects 1 – 20 were deployed in 1981 and 21 
– 27 in 1996. Transects #8 and #17 were not re-
locatable after 1981.
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The study area was dominated by treeless tussock 
tundra (primarily Eriophorum vaginatum), but contained 
rolling hills up to 900 m and large riparian corridors. 
Fruticose lichens (Cladina spp.), preferred caribou winter 
forage, mosses (primarily Sphagnum spp.) and shrubs 
(Betula nana, Empetrum nigrum, Ledum palustre, Vaccinium 
uliginosum and V. vitis-idaea) were important compo-
nents of the tundra tussock community. Alpine com-
munities were supported in the higher elevations. 
The riparian corridors were lined with willows (Salix 
spp.), alder (Alnus crispa) and white spruce (Picea glauca). 
Black spruce (P. mariana) stands were more common 
along the southern and eastern edges of the study 
area. Mean annual precipitation was about 30 – 40 cm. 
Snow cover, typically persisting from November through 
May, can be hard and crusted in wind scoured areas. 
Temperatures can drop to -45 °C during the winter 
months. However, mean temperatures have risen over 
the study period in this region, especially during the 
winter months (Stafford et al., 2000).
Data collection and analysis
Twenty permanent vegetation transects were created 
in 1981 throughout the Buckland River valley. Canopy 
cover was ocularly estimated (Daubenmire, 1959) 
using a 20 cm x 50 cm quadrat placed every 2 m along 
a 50 m transect. Utilization (evidence of grazing such 
as signs of cratering and cropped or dropped lichens) 
was noted in each quadrat and reported as frequency 
for the transect. The transects were revisited and 
reread during 1995 and 1996 (henceforth 1995/96); 
however only 18 of the original 20 transects were 
located. A burn may have hidden 1 of these 2 transects 
from our survey team. Seven additional transects were 
created in 1996 (Fig. 2). These transects were selected 
because they fell within the core winter range and 
contained enough initial lichen cover so that changes 
could be detected. The methodology employed in 
1981 was repeated during 1995/96, but all 25 transects 
were also reread using a more objective point intercept 
method (Floyd & Anderson, 1987). A 1.0 m x 0.5 m 
sampling frame was strung every 10 cm along both 
axes which created 50 intercepts. The frame was laid 
out every 4 m along the identical 50 m transect, for 
a total of 12 frames per transect (see Jandt et al., 2003 
for more details). The first species observed under the 
intercept was recorded. Non-vegetative observations 
(e.g., rock, bare ground or water) were also recorded. 
In 2005, we only used the point intercept method. 
We employed transects as our sample unit for statistical 
analyses.
We assigned a category to each record; lichen, 
graminoid, shrub, forb, moss, or non-vegetated. 
Andromeda polifolia and Oxycoccus microcarpus were 
classified as forbs in 1981 (Adams & Connery, 1981). 
Though they are better categorized as shrubs (Viereck 
& Little, 1972), we adhered to the 1981 convention. 
Cover values for both of these species were extremely 
low (< 0.5%) and unlikely to influence analyses. Rubus 
chamaemorus was also classified as a forb. Other mem-
bers of this genus are correctly categorized as shrubs 
but this species is not (Viereck & Little, 1972). 
We further subdivided lichens into 3 categories, 
which were primary (most preferred forage species), 
secondary (other forage species), and non-forage 
lichens. Cladina mitis, C. rangiferina, C. stellaris, and 
Cladonia uncialis were assigned to the primary forage 
category based on published literature (Ahti, 1959; 
Scotter, 1967; Pegau, 1968; Holleman & Luick, 1977; 
Thomas & Hervieux, 1986; Thomas & Kiliaan, 
1998) and our experience conducting range work in 
northwestern Alaska. We similarly assigned Cetraria 
cucullata, C. ericetorum, C. islandica, C. nivalis, Cladonia 
amaurocraea, and C. gracilis to the secondary forage 
lichen category. All other lichens were labeled as non-
forage species. We tallied the number of different 
species to determine species richness (an index of 
diversity) for each transect for the 1995/96 and 2005 
datasets. Utilization was calculated in the same manner 
as before.
We made 2 sets of comparisons. First, we compared 
ocular estimates from 1981 with ocular estimates 
from 1995/96 on the 18 relocated transects. Second, 
we compared point intercept estimates from 1995/96 
with point intercept estimates from 2005 (n = 25). 
We employed paired t - tests to identify significant 
changes for both sets of comparisons. We utilized 
analysis of variance (ANOVA) to make other com-
parisons between the 1995/96 and 2005 point inter-
cept data and between the original (1981) and newer 
transects (those added in 1996). We used linear 
regression techniques to test for association among 
elevation, utilization, species diversity, and change in 
lichen cover.
Results
The percent cover of the various categories (lichen, 
graminoid, shrub, forb, or moss) are displayed in Fig. 3. 
Based on the 1995/96 data, we found that both total 
lichen and primary forage lichen coverage were 
greater in the 7 transects added in 1996 than the 
original 18 transects deployed in 1981 (F
1, 24 
= 8.53, P = 
0.008, F
1, 24 
= 7.70, P = 0.011, respectively). Average 
rate of utilization was not significantly (F
1, 49 
= 0.25, 
P = 0.619) different between 1995/96 (38.7%) and 
2005 (35.0%). Utilization was able to loosely predict 
lichen coverage (R2 = 0.072, F = 3.72, df = 49, P = 
0.060; Fig. 4a). Caribou use of areas with < 5% 
lichen cover was negligible (Fig. 4a). Loss of lichen 
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cover from 1995/96 to 2005 was a good predictor of 
initial (1995/96) lichen cover (R2 = 0.309, F = 10.27, 
df = 24, P = 0.004; Fig. 4b). Vegetative species rich-
ness was positively associated with elevation in 
1995/96 (R2 = 0.134, F = 3.55, df = 24, P = 0.072) and 
2005 (R2 = 0.174, F = 4.85, df = 24, P = 0.038). 
Percent lichen cover was not significantly associated 
with elevation in 1995/96 (R2 = 0.009, F = 0.21, df = 
24, P = 0.652) nor in 2005 (R2 = 0.002, F = 0.05, df 
= 24, P = 0.825). Species richness was not signifi-
cantly different between 1995/96 and 2005 (F
1, 49 
= 
0.05, P = 0.816).
Lichen coverage declined significantly, from 34.8% 
to 19.1%, between 1981 and 1995/96 (t = 5.69, df = 
17, P < 0.01). Both Cladina rangiferina, a primary 
forage lichen, and Cetraria cucullata, a secondary forage 
lichen, significantly declined in coverage between 1981 
and 1995/96 (t = 2.92, df = 17, P < 0.01; t = 4.05, df 
= 17, P < 0.01, respectively). Moss also significantly 
decreased over this time period, from 19.4% to 12.3% 
(t = 3.74, df = 17, P < 0.01). Graminoid and shrub 
cover significantly increased from 13.6% to 29.7% (t = 
5.63, df = 17, P < 0.01) and 24.8% to 30.4% (t = 3.87, 
df = 17, P < 0.01) between 1981 and 1995/96, respec-
tively.
An analysis of the 1995/96 data revealed that 
differences in cover resulting from the differences 
between the ocular and point intercept methodologies 
were minor (see Fig. 3).  Cover estimates were similar 
for most species, with an overall mean difference of 
just 0.7% (Jandt et al., 2003).  The two methods were 
in relatively close agreement even when comparing 
rare or inconspicuous species (Jandt et al., 2003).
Our analysis of the point intercept data revealed that 
lichen cover declined significantly (t = 3.21, df = 24, 
P < 0.01) from 16.8% to 12.5% during the 1995/96 
to 2005 time period. The decline in primary forage 
lichens, from 7.8% to 4.6%, was also significant (t = 
3.62, df = 24, P < 0.01). Cetraria cucullata, a secondary 
forage lichen present on every transect, declined by a 
relative 17.1% from 1995/96 to 2005. However, changes 
in both secondary and non-forage lichens were not 
significant (P > 0.05) between 1995/96 and 2005. The 
decline in overall and primary forage lichen cover over 
the study period coincided with the rapid expansion 
of the number of individuals in the WAH (Fig. 5).
We found that the amount of lichen loss between 
1995/96 and 2005 was a good predictor of percent 
cover of lichen in 1995/96 (R2 = 0.309, F = 10.27, df = 
24, P = 0.004). Only one transect (# 24) with high 
initial lichen cover (31.3%) did not show a decline in 
2005. Lichen cover on this transect, which had no 
sign of utilization in 2005, increased to 37.3% by 
2005. We were unable to detect an association 
Fig. 3. Changes in the vegetative cover on winter range 
transects in the Buckland Valley, Seward 
Peninsula, Alaska from 1981 – 2005 for various 
categories. Ocular estimation techniques were 
employed during 1981 and 1995/96 (light gray 
bars), but a point intercept method was used in 
1995/96 and 2005 (dark gray bars). Figure 
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between lichen loss and elevation (R2 = 0.043, F = 1.02, 
df = 24, P = 0.323).
Our analysis revealed that graminoid cover signifi-
cantly (t = 4.39, df = 24, P < 0.01) increased from 
25.3% to 31.9% between 1995/96 and 2005. Increased 
cover in Eriophorum spp. (3.4%) and Carex spp. (1.5%) 
accounted for most of this change. The wetland spe-
cies Carex aquatilis was the only member of the genus 
that did not demonstrate an increase (- 0.1% cover) 
during this period. Similarly, shrub cover signifi-
cantly (t = 2.12, df = 24, P = 0.045) increased during 
this time period from 30.1% to 32.8%. The largest 
increase in cover was seen in V. uliginosum (1.5%), but 
Dryas spp., V. vitis-idaea, Empetrum nigrum, and Arcto-
staphylos alpina also increased. Salix spp. cover did not 
significantly change during this time period. Ledum 
palustre had the biggest decline in cover (1.0%) for a 
shrub species. We found that forb cover declined 
significantly (t = 3.86, df = 24, P < 0.01) between 
1995/96 and 2005 from (5.9% to 3.9%), primarily 
due to a decline in Rubus chamaemorus. A. polifolia and 
O. microcarpus both slightly increased, which would 
only enhance (however slightly) the observed increase 
of shrubs and decline of forbs if categorized as shrubs 
rather than forbs. Moss cover was not significantly 
different between 1995/96 and 2005 (t = 0.43, df = 
24, P = 0.673).
Discussion
The WAH has undergone a 30-year period of 
continuous growth, beginning in 1976. The pace 
of this growth has decelerated as the herd has reached 
490 000 individuals (Dau, 2003; 2005). Portions of 
the herd have recently expanded into winter range 
outside the historic core range and there have been 
some indicators of poor nutrition associated with 
severe winter conditions (Dau, 2005). All of these 
factors have contributed to speculation as to when the 
herd will inevitably decline and if that decline will be 
precipitous. Our permanent range transects, deployed 
in 1981 and 1996, provide insight into 1 factor that 
plays into the complex calculus that shapes the herd’s 
trajectory.
Terricolous lichens constitute the majority of diet for 
barren-ground caribou herds during winter (Thompson 
& McCourt, 1981; Boertje, 1984; Thomas, 1998) and 
the WAH is no exception (Saperstein, 1996; Jandt et 
al., 2003). Evidence that lichens are not requisite for 
caribou come from low density, high Arctic, island 
populations (Thomas & Edmonds, 1983). Lichens 
appear to be a critical component of the diet of large 
migratory herds in North America (Klein, 1991). 
However, it has been argued that a transition from 
lichen-dominated tundra to sedge-dominated tundra 
due to Rangifer grazing is predictable and the new 
system could be highly productive (van der Wal, 
2006). It appears that the WAH may be able to 
answer this question in the future.
We found that lichen cover declined significantly 
(by a relative 3.0% annually) from 1981 to 1995, 
during which time the WAH grew at a consistently 
very high rate. Lichen cover continued to decline 
Fig. 4. Use of lichens by caribou in the Buckland Valley, 
Seward Peninsula, Alaska. A) Utilization versus 
amount of lichen cover (1995/96 and 2005 data) 
B) Percent change in lichen cover from 1995/96 
to 2005 versus initial (1995/96) lichen cover.
Fig. 5. The decline of lichen cover (solid line with circles) 
on the winter range of the WAH coincided with 
the rapid expansion of the number of individuals 
in the herd (dashed line with squares), northwest 
Alaska.
Percent Cover
Initial (1995/96) Lichen Cover
B
A







0 10 20 30 40


















































































204 Rangifer, Special Issue  No. 17, 2007
between 1996 and 2005. The rate of decline was 
slightly less (a relative 2.6 % annually) during this 
time period which was concurrent with the growth 
of the herd slowing and its expansion into new winter 
range (Dau, 2003). Importantly, primary forage lichens 
significantly declined during this time period. Utili-
zation and the amount of decline in lichen cover were 
significantly associated with initial lichen cover, 
implying that caribou selected for areas with high 
lichen abundance. Although the decline in lichen 
cover cannot be directly correlated with the eruption 
of the WAH and increased grazing pressure, it does 
provide a compelling, simple, and logical inference 
(see also Moser et al., 1979; Arseneault et al., 1997; 
van der Wal, 2006). This is further supported by the 
fact that transect # 24 (the northeastern most 
transect, Fig. 2) was closest to the edge of the core 
winter range, contained no sign of utilization in 
2005, and was the only transect with high lichen 
cover not to reveal a loss of lichen cover over the last 
decade (Fig. 4). Transects read in 1997 outside (at 
that time) the winter range of the herd on the southern 
Seward Peninsula had high lichen cover (BLM, unpubl. 
data). The effects of trampling may exacerbate the 
deterioration of lichen cover (Pegau, 1969; Manseau 
et al., 1996). Reindeer have been absent from the study 
area since its inception. 
The consequences of global climate change (par-
ticularly warming and drying) have also been impli-
cated as factors that may reduce lichen abundance in 
the tundra ecosystem (Chapin et al., 1995; Cornelissen 
et al., 2001; Epstein et al., 2004; Walker et al., 2006) 
and may have contributed to declining lichen cover 
that we observed. Lichen cover declined in recently 
burned (< 35 years old) areas with low initial cover 
(< 5%) that probably would not have been utilized 
by caribou (Arseneault et al., 1997; BLM, unpub-
lished data).
Wildland fire, an environmental factor that can 
dramatically reduce lichen abundance (Viereck & 
Schandelmeier, 1980; Klein, 1982; Swanson & Bark-
er, 1992; Thomas & Kiliaan, 1998; Rupp et al., 2006), 
is infrequent in the tundra ecosystem (Wein, 1976). 
Caribou foraging during winter avoid areas that have 
been burned by wildland fires (Schaefer & Pruitt, 
1991; Thomas et al., 1998; Joly et al., 2003). The 
Seward Peninsula, including our study area, appears 
to have a relatively high fire frequency rate for tundra 
ecosystems (Racine et al., 1987) and it has been pre-
dicted that fire frequency and extent will continue to 
increase (Wein, 1976; Rupp et al., 2000; McCoy & 
Burn, 2005). Disturbance from fire was uncommon 
on our transects, though it did occur. One 1981 
transect was presumably “lost” to a wildfire and a 
second transect burned between 1995 and 2005.
Our data did not reveal a reduction in species richness 
between 1995/96 and 2005, which is in contrast to the 
findings of other researchers investigating the conse-
quences of global warming (Chapin et al., 1995; Walker 
et al., 2006). Species richness was positively associated 
with elevation, but even our highest transect was 
under 610 m. We found that graminoid cover doubled 
between 1981 and 1995/96 and increased again between 
1995/96 and 2005 by a relative 26.0 %. These results 
are consistent with research suggesting that global 
warming, drier conditions, and mammalian grazing 
and trampling may lead to a conversion of the tundra 
ecosystem to a grassland steppe community (Zimov 
et al., 1995; Rupp et al., 2000, van der Wal, 2006).
Shrub cover also increased during this time period, 
though not as dramatically. A primary finding for 
research documenting the response of the tundra 
ecosystem to global warming is an increased abun-
dance of shrubs (Chapin et al., 1995; Epstein et al., 
2004; Tape et al., 2006; Walker et al., 2006). Increased 
shrub cover has been implicated as another factor 
negatively effecting lichen abundance (Pegau, 1970; 
Cornelissen et al., 2001). Shading and increased litter 
cover caused by these vascular plants may retard 
lichen growth, as well as alter snow melt patterns 
(Sturm et al., 2005). Vascular species also recover 
from grazing more quickly than lichens (Henry & 
Gunn, 1991).
We detected a significant decline in the cover of 
forbs during the last decade of the study; however 
this was not mirrored in Epstein et al.‘s (2004) findings. 
R. chamaemorus, the species driving the decline in forbs, 
is typically found in wet, boggy areas (Viereck & Little, 
1972). The significant decline of moss cover we found 
since the beginning of the study period is in accor-
dance with previous findings on the effects of global 
warming (Chapin et al., 1995; Epstein et al., 2004; 
Walker et al., 2006), but possibly also grazing (van 
der Wal & Brooker, 2004; van der Wal, 2006). The 
reduction in moss cover could feed into a positive 
feedback loop and lead to increased drying of the 
tundra, a northward and westward shift of treeline 
and even more wild fires (Zimov et al., 1995; Rupp et 
al., 2000; Rupp et al., 2002).
Caribou populations naturally fluctuate and these 
cycles are dependant on the complex relationships 
among climate, the caribou, their range and pre-
dation (Messier, 1991; Gunn, 2003). Grazing is an 
important ecosystem driver (Hobbs, 1996; Augustine 
& McNaughton, 1998; Mysterud, 2006; Wisdom et 
al., 2006). Our results are in agreement with the 
assertion that grazing by caribou can be an impor-
tant factor in the depletion of lichen of large areas of 
continental ranges (Moser et al., 1979; Messier et al., 
1988, Arseneault et al., 1997) and the rapid transition 
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from lichen-dominated to graminoid-dominated tundra 
communities (van der Wal, 2006). All indications 
show that the Arctic is already warming (Hansen et al., 
1999; Barber et al., 2000; Oechel et al., 2000; Serreze 
et al., 2000; Goetz et al., 2005). The response to this 
warming will likely include changes in vegetative 
communities (Chapin et al., 1995; Epstein et al., 2004; 
Tape et al., 2006; Walker et al., 2006; this study) and 
increased wildland fire (Rupp et al., 2000; Goetz et 
al., 2005; McCoy & Burn, 2005). Changes in the 
vegetative communities may accelerate the rise in fire 
frequency (Starfield & Chapin, 1996; Rupp et al., 
2000). Our study was not designed to tease apart the 
relative contributions of grazing and global warming 
to the rapid and radical changes in the tundra eco-
system that we documented, though both appear to 
be important ecosystem drivers.
The WAH is currently at a known population high, 
has shown signs of poor nutrition associated with severe 
winter weather and has expanded its range (Dau, 2003; 
2005). These signs were also present prior to the recent 
crash of the Mulchatna Caribou Herd (Hinkes et 
al., 2005). The decline of this herd may displace 
additional sport hunting pressure on to the WAH. 
We have gone further, in the case of the WAH, by 
showing that lichen cover has decreased over the last 
24 years and that the decline in primary caribou forage 
lichens was significant. Conditions on the WAH’s core 
winter range, in terms of lichen cover, are deteriorating. 
All of these factors are interrelated and may or may 
not increase the rate of change. Although no one can 
accurately predict how the complex interaction of 
these factors will affect the WAH, the status of the 
indices we do have indicate that conditions are suit-
able for a decline in the herd.
Acknowledgments
We thank all the BLM employees that have helped collect 
data for this project over the decades. The Buckland IRA, 
city of Buckland, P. Ballot, T. Gavin, D. Hadley, N. Hadley, 
and B. Williams provided logistical support for field opera-
tions in Buckland. C. Hamfler provided expertise in creating 
the figures. We thank T. Craig, R. Gronquist, J. Herriges, 
R. van der Wal, and an anonymous reviewer for recommen-
dations that substantially improved this manuscript. This 
research was funded by the Bureau of Land Management.
References
Adams, L. G. & Connery, B. A. 1981. Permanent range cover 
transects, Buckland River valley, 1981. Bureau of Land Manage-
ment, Fairbanks, Alaska, USA. Unpubl. report. 4pp.
Ahti, T. 1959. Studies on the caribou lichen stands of 
Newfoundland. – Annales Boreanici Societatis Zoologicae 
Botanical Fennicae Vanamo 30: 1-44.
Arseneault, D., Villeneuve, N., Boismenu, C., LeBlanc, 
Y. & Deshaye, J. 1997. Estimating lichen biomass and 
caribou grazing on the wintering grounds of northern 
Quebec: an application of fire history and Landsat data. 
– Journal of Applied Ecology 34: 65-78.
Augustine, D. J. & McNaughton, S. J. 1998. Ungulate 
effects on the functional species composition of plant 
communities: herbivore selectivity and plant tolerance. 
– Journal of Wildlife Management 62: 1165-1183.
Bader, H. R. & Finstad, G. 2001. Conflicts between 
livestock and wildlife: an analysis of legal liabilities 
arising from reindeer and caribou competition on the 
Seward Peninsula of western Alaska. – Environmental 
Law 31: 549-579
Barber V. A., Juday, G. P. & Finney, B. P. 2000. 
Reduced growth of Alaska white spruce in the twentieth 
century from temperature-induced drought stress. 
– Nature 405: 668–672.
Boertje, R. D. 1984. Seasonal diets of the Denali Caribou 
Herd, Alaska. – Arctic 37: 161-165.
Chapin, F. S., III, Shaver, G. R., Giblin, A. E., Nadel-
hoffer, K. J. & Laundre, J. A. 1995. Responses of 
arctic tundra to experimental and observed changes in 
climate. – Ecology 76: 694-711
Cornelissen, J. H. C., Callaghan, T. V., Alatalo, J. M., 
Michelsen, A., Graglia, E., Hartley, A. E., Hik, D. S., 
Hobbie, S. E., Press, M. C., Robinson, C. H., Henry, 
G. H. R., Shaver, G. R., Phoenix, G. K., Jones, D. G., 
Jonasson, S., Chapin, F. S., Molau, U., Neill, C., Lee, 
J. A., Melillo, J. M., Sveinbjornsson, B. & Aerts, R. 
2001. Global change and arctic ecosystems: is lichen 
decline a function of increases in vascular plant biomass? 
– Journal of Ecology 89: 984–994.
Dau, J. 2003. Western Arctic Herd. – In: Healy, C. (ed.). 
Caribou management report of survey and inventory activities, 
1 July 2000–30 June 2002. Alaska Department of Fish and 
Game. Project 3.0. Juneau, Alaska, USA, pp. 204-251.
Dau, J. 2005. Two caribou mortality events in northwest 
Alaska: possible causes and management implications. 
– Rangifer Special Issue 16: 37-50.
Daubenmire, R. F. 1959. A canopy coverage method of 
vegetation analysis. – Northwest Science 33: 43-64.
Davis, J. L. & Valkenburg, P. 1978. Western Arctic Caribou 
Herd studies. Alaska Department of Fish and Game. P. R. 
Project Complete Report W-17-8R and W-17-9R. 99pp.
Davis, J. L., Valkenburg, P. & Boertje, R. 1982. Home 
range, social structure, and habitat selection of the Western 
Arctic Caribou Herd. Alaska Department of Fish and 
Game, Final Research Report. Prepared for U. S. National 
Park Service, contract CX 9100-8-0032. 35pp.
Epstein, H. E., Calef, M. P., Walker, M. D. Chapin, F. 
S., III & Starfield, A. M. 2004. Detecting changes in 
arctic tundra plant communities in response to warming 
over decadal time scales. – Global Change Biology 10: 
1325-1334.
206 Rangifer, Special Issue  No. 17, 2007
Floyd, D. A. & Anderson, J. E. 1987. A comparison 
of three methods for estimating plant cover. – Journal of 
Animal Ecology 75: 221-228.
Goetz, S. J., Bunn, A. G., Fiske, G. J. & Houghton, R. 
A. 2005. Satellite-observed photosynthetic trends across 
boreal North America associated with climate and fire 
disturbance. – Proceedings of the National Academy of 
Science 102: 13521-13525.
Gunn, A. 2003. Voles, lemmings and caribou – population 
cycles revisited? – Rangifer Special Issue 14: 105-111.
Hansen, J., Ruedy, R., Glascoe, J. & Sato, M. 1999. GIS 
analysis of surface temperature change. – Journal of 
Geophysical Research 104: 30997–31022.
Henry, G. H. R. & Gunn, A. 1991. Recovery of tundra 
vegetation after overgrazing by caribou in Arctic Canada. 
– Arctic 44:38-42.
Hinkes, M. T., Collins, G. H., Van Daele, L. J., Kovach, 
S. D., Aderman, A. R., Woolington, J. D. & Seavoy, 
R. J. 2005. Influence of population growth on caribou 
herd identity, calving ground fidelity, and behavior. 
– Journal of Wildlife Management 69: 1147–1162.
Hobbs, N. T. 1996. Modification of ecosystems by ungu-
lates. – Journal of Wildlife Management 60: 695-713.
Holleman, D. F. & Luick, J. R. 1977. Lichen species 
preference by reindeer. – Canadian Journal of Zoology 55: 
1368-1369.
Jandt, R. R., Meyers, C. R. & Cole, M. J. 2003. Western 
Arctic Caribou Herd Winter Habitat Monitoring and 
Utilization, 1995-1996. BLM-Alaska Open File Report 88. 
Department of Interior, Bureau of Land Management, 
Anchorage, Alaska. 25pp.
Joly, K., Dale, B. W., Collins, W. B. & Adams, L. G. 
2003. Winter habitat use by female caribou in relation 
to wildland fires in interior Alaska. – Canadian Journal 
of Zoology 81: 1192-1201.
Klein, D. R. 1982. Fire, lichens, and caribou. – Journal of 
Range Management 35: 390-395.
Klein, D. R. 1991. Limiting factors in caribou population 
ecology. – Rangifer Special Issue 7: 30-35.
Manseau, M., Huot, J. & Crete, M. 1996. Effects of 
summer grazing by caribou on composition and produc-
tivity of vegetation: community and landscape level. 
– Journal of Ecology 84:503-513.
McCoy, V. M. & Burn, C. R. 2005. Potential alteration by 
climate change of the forest-fire regime in the boreal 
forest of central Yukon Territory. – Arctic 58: 276-285.
Messier, F. 1991. On the concepts of population limitation and 
population regulation as applied to caribou demography. 
– North American Caribou Workshop 4: 260-277.
Messier, F., Huot, J., LeHenaff, D. & Luttich, S. 1988. 
Demography of the George River Herd: evidence of 
population regulation by forage exploitation and range 
expansion. – Arctic 41: 279-287.
Moser, T. J., Nash, T. H., III & Thomson, J. W. 1979. 
Lichens of Anaktuvuk Pass, Alaska, with emphasis 
on the impact of caribou grazing. – Bryologist 82: 
393-408.
Mysterud, A. 2006. The concept of overgrazing and its 
role in management of large herbivores. – Wildlife Biology 
12: 129-141.
Oechel, W. C., Vourlitis, G. L., Hastings, S. J., Zulueta, 
R. C., Hinzman, L. & Kane, D. 2000. Acclimation of 
ecosystem CO
2
 exchange in the Alaskan Arctic in response 
to decadal climate warming. – Nature 406: 978–981.
Pegau, R. E. 1968. Growth rates of important reindeer 
forage lichens on the Seward Peninsula, Alaska. – Arctic 
21: 255-259.
Pegau, R. E. 1969. Effect of reindeer trampling and grazing 
on lichens. – Journal of Range Management 23:95-97.
Pegau, R. E. 1970. Succession in two exclosures near Unal-
akleet, Alaska. – Canadian Field Naturalist 84: 175–177 
Racine, C. H., Johnson, L. A. & Viereck, L. A. 1987. 
Patterns of vegetation recovery after tundra fires in 
northwestern Alaska, U.S.A. – Arctic and Alpine Research 
19: 461-469.
Rupp, T. S., Chapin, F. S., III & Starfield, A. M. 2000. 
Response of the subarctic vegetation to transient climatic 
change on the Seward Peninsula in north-west Alaska. 
– Global Change Biology 6: 541-555.
Rupp, T. S., Olsen, M., Adams, L. A., Dale, B. W., Joly, 
K., Henkleman, J., Collins, W. B. & Starfield, A. M. 
2006. Simulating the influences of various fire regimes 
on caribou winter habitat. – Ecological Applications 16: 
1730-1743.
Rupp, T. S., Starfield, A. M, Chapin, F. S., III & Duffy, 
P. 2002. Modeling the impact of black spruce on the fire 
regime of Alaskan boreal forest. – Climatic Change 55: 
213-233.
Saperstein, L. B. 1996. Winter forage selection by barren-
ground caribou: Effects of fire and snow. – Rangifer 
Special Issue 9: 237-238.
Schaefer, J. A. & Pruitt, W. O. 1991. Fire and woodland 
caribou in southeastern Manitoba. – Wildlife Monographs 
116: 1-39.
Scotter, G. W. 1967. The winter diet of barren-ground caribou 
in northern Canada. – Canadian Field-Naturalist 81: 33-39.
Serreze M. C., Walsh, J. E., Chapin, F. S., III, Osterkamp, 
T., Dyurgerov, M., Romanovsky, V., Oechel, W. C., 
Morison, J., Zhang, T. & Barry, R. G. 2000. Obser-
vational evidence of recent change in the northern high-
latitude environment. – Climatic Change 46: 159–207.
Stafford, J. M., Wendler, G. & Curtis, J. 2000. Temperature 
and precipitation of Alaska: 50 year trend analysis. 
– Theoretical and Applied Climatology 67: 33-44.
Starfield, A. M. & Chapin, F. S., III. 1996. A dynamic 
model of arctic and boreal vegetation change in response 
to global changes in climate and land-use. – Ecological 
Applications 6: 842-864.
Stern, R. O., Arobio, E. L., Naylor, L. L. & Thomas, 
W. C. 1980. Eskimos, reindeer, and land. University 
207Rangifer, Special Issue  No. 17, 2007
of Alaska Fairbanks, Bulletin 59. Fairbanks, Alaska, 
USA. 93 pp.
Sturm, M., Schimel, J., Michaelson, G., Welker, J. M., 
Oberbauer, S. F., Liston, G. E., Fahnestock, J. & 
Romanovsky, V. E. 2005. Winter biological processes 
could help convert arctic tundra to shrubland. – Bioscience 
55: 17-26.
Swanson, J. D. & Barker, M. H. W. 1992. Assessment 
of Alaska reindeer populations and range conditions. 
– Rangifer 12: 33-43.
Tape, K., Sturm, M. & Racine, C. 2006. The evidence for 
shrub expansion in northern Alaska and the Pan-Arctic. 
– Global Change Biology 12: 1-17.
Thomas, D. C. 1998. Fire-caribou relationships (V) Winter 
diet of the Beverly Herd in northern Canada, 1980-87. 
Tech. Rep. Series No. 312. Canadian Wildlife Service, 
Prairie & Northern Region, Edmonton, Alberta. 41 pp.
Thomas, D. C. & Edmonds, E. J. 1983. Rumen contents 
and habitat selection of Peary caribou in winter, Canadian 
Arctic Archipelago. – Arctic and Alpine Research 15: 97-105.
Thomas, D. C. & Hervieux, D. P. 1986. The late winter 
diets of barren-ground caribou in north-central Canada. 
– Rangifer Special Issue 1: 305-310.
Thomas, D. C. & Kiliaan, H. P. L. 1998. Fire-caribou 
relationships: (IV) Recovery of habitat after fire on winter 
range of the Beverly Herd. – Tech. Rep. Series No. 312. 
Canadian Wildlife Service, Prairie and Northern Region, 
Edmonton, Alberta. 115pp.
Thomas, D. C., Kiliaan, H. P. L. & Trottier, T. W. P. 
1998. Fire-caribou relationships: (III) Movement patterns 
of the Beverly Herd in relation to burns and snow. – Tech. 
Rep. Series No. 311. Canadian Wildlife Service, Prairie & 
Northern Reg., Edmonton, Alberta. 176pp.
Thompson, D. C. & McCourt, K. H. 1981. Seasonal 
diets of the Porcupine Caribou Herd. – American Midland 
Naturalist 105: 70-76.
Valkenburg, P. 1994. Investigation and improvement of 
techniques for monitoring recruitment, population trend, and 
nutritional status in the Western Arctic Caribou Herd. 
Research progress report. Alaska Department of Fish 
and Game. Federal Aid in Wildlife Restoration Project 
W-24-2, Study 3.40. Juneau, Alaska, USA. 20pp.
van der Wal, R. 2006. Do herbivores cause habitat degra-
dation or vegetation state transition? Evidence from the 
tundra. – Oikos 114: 177-186.
van der Wal, R. & Brooker, R. W. 2004. Mosses mediate 
grazer impacts on grass abundance in arctic ecosystems. 
– Functional Ecology 18: 77-86.
Viereck, L. A. & Little, E. L. 1972. Alaska trees and shrubs. 
University of Alaska Press. Fairbanks, Alaska, USA. 265pp.
Viereck, L. A. & Schandelmeier, L. A. 1980. Effects of 
fire in Alaska and adjacent Canada - a literature review. 
– BLM-AK Technical Report 6. 124pp.
Walker, M. D., Wahren, C. H., Hollister, R. D., Henry, 
G. H. R., Ahlquist, L. E., Alatalo, J. M., Bret-Harte, 
M. S., Calef, M. P., Callaghan, T. V., Carroll, A. B., 
Epstein, H. E., Jonsdottir, I. S., Klein, J. A., Magnus-
son, B., Molau, U., Oberbauer, S. F., Rewa, S. P., 
Robinson, C. H., Shaver, G. R., Suding, K. N., 
Thompson, C. C., Tolvanen, A., Totland, Ø., Turner, 
P. L., Tweedie, C. E., Webber, P. J. & Wookey, P. A. 
2006. Plant community responses to experimental 
warming across the tundra biome. – Proceedings of the 
National Academy of Science 103: 1342-1346.
Wein, R. W. 1976. Frequency and characteristics of Arctic 
tundra fires. – Arctic 29: 213-222.
Wisdom, M. J., Vavra, M., Boyd, J. M., Hemstrom, M. 
A., Ager, A. A. & Johnson, B. K. 2006. Understand-
ing ungulate herbivory-episodic disturbance effects on 
vegetation dynamics: knowledge gaps and management 
needs. – Wildlife Society Bulletin 34: 283-292.
Woolington, J. D. 2005. Mulchatna caribou management 
report, Units 9B, 17, 18 south, 19A & 19B. – In: Brown, 
C. (ed.). Caribou management report of survey and inventory 
activities 1 July 2002 – 30 June 2004. Alaska Department 
of Fish and Game. Juneau, Alaska, USA, pp. 20-37.
Zimov, S. A., Chuprynin, V. I., Oreshko, A. P., Chapin, 
F. S., III, Reynolds, J. F. & Chapin, M. C. 1995. Steppe-
tundra transition: an herbivore-driven biome shift at the 
end of the Pleistocene. – American Naturalist 146: 765-794.
